Lutibacter flavus sp. nov., a marine bacterium isolated from a tidal flat sediment 
The genus Lutibacter (Choi & Cho, 2006) in the family Flavobacteriaceae of the phylum Bacteroidetes (Bernardet et al., 1996 (Bernardet et al., , 2002 Bernardet & Nakagawa, 2006) currently comprises three species with validly published names: Lutibacter litoralis (Choi & Cho, 2006) , Lutibacter maritimus (Park et al., 2010) and Lutibacter aestuarii (Lee et al., 2012) . The genus Lutibacter accommodates Gramnegative, yellow-pigmented, flexirubin-negative rods or cocci that contain MK-6 as the major respiratory quinone and phosphatidylethanolamine as the major polar lipid. All three species in the genus have been isolated from tidal flat sediments on the west or south coast of the Korean peninsula.
Strain IMCC1507
T was isolated as a pure culture from a tidal flat sediment sample collected off the coast of Donggum island (37 u 349 470' N 126 u 309 570 E), Korea. The sample was homogenized in 100 ml of 0.2 mm-filtered and autoclaved seawater and spread onto an oligotrophic medium, R2A agar (BD Difco) diluted 1 : 10 (v/v) with aged seawater. After purification of the colonies on marine agar 2216 (MA; BD Difco), strain IMCC1507
T was stored on MA at 4 u C or in 0.2 mm-filtered and autoclaved seawater with 10 % glycerol at 275 u C. L. litoralis KCCM 42118 T , L. maritimus KCTC 22635 T and L. aestuarii KCTC 23499 T were purchased from the Korea Culture Center of Microorganisms or Korean Collection for Type Culture for use as reference strains.
T and the reference strains were routinely grown on MA at 30 u C for physiological, biochemical and chemotaxonomic comparisons. Unless indicated otherwise, standard methods for bacterial characterization (Smibert & Krieg, 1994) were used. Cell morphology and cell size were examined by phase-contrast microscopy (80i; Nikon) and transmission electron microscopy (CM200; Philips). The cellular motility of young bacterial cultures in R2A broth was observed in fresh wet mounts using the hangingdrop method. The presence of flagella was observed by transmission electron microscopy using the negative staining method with 2.0 % uranyl acetate. Growth at 4, 10, 15, 20, 25, 30, 37 and 42 u C and at pH 6.0-9.5 (at intervals of 0.5 pH unit) was determined in artificial seawater (ASW; Choo et al., 2007) supplemented with (l 21 ) 5.0 g peptone and 1.0 g yeast extract, with the pH adjusted with 0.1 M HCl or 0.1 M Na 2 CO 3 . Growth with 0-5 % NaCl (at intervals of 0.5 %) and 5.0-15.0 % (at intervals of 2.5 %) was monitored in nutrient broth (BD Difco). Gram staining was performed using a Gram-staining kit (bioMérieux). The catalase test was performed by addition of 3 % hydrogen peroxide to exponential-phase colonies and oxidase activity was determined using oxidase reagent (bioMérieux). Gliding motility was determined by phasecontrast microscopy of cells incubated for 24 h on microscope slides coated with MA (0.7 % agar), as described by Bowman (2000) . The presence of flexirubin-type pigments was investigated by the bathochromatic shift test with 20 % KOH solution (Reichenbach, 1992) . Cellular pigments were extracted with acetone/methanol (1 : 1, v/v) and the absorption spectra were determined by a scanning UV/visible spectrophotometer (Optizen 2120UV; Mechasis). Anaerobic growth was tested on MA using the MGC anaerobic system and an AnaeroPACK Anaero (Mitsubishi Gas Chemical) for 2 weeks. Production of H 2 S was investigated using triple-sugar iron agar (BD Difco) amended with 2.0 % NaCl. Hydrolysis of casein (10 % skimmed milk, w/v), starch (0.2 %, w/v), elastin (0.5 %, w/v), colloidal chitin (0.5 %, w/v), CM-cellulose (0.2 %, w/v) and Tween 80 (1.0 %, v/v) was tested using MA as the basal medium and applying suitable staining solutions. Degradation of DNA was tested using DNase test agar (Difco) amended with 2.0 % NaCl. Other biochemical tests and substrate oxidation tests were carried out using API 20 NE and API ZYM test strips (bioMérieux) and GN2 MicroPlates (Biolog) using bacterial suspensions in ASW as inocula. Susceptibility to antibiotics was tested using the disc-diffusion method using the following (mg per disc): ampicillin (10), chloramphenicol (25), erythromycin (15), gentamicin (10), kanamycin (30), penicillin G (10), rifampicin (50), streptomycin (10), tetracycline (30) and vancomycin (30). The morphological, physiological and biochemical characteristics of strain IMCC1507
T are listed in Table 1 and the species description. Strain IMCC1507
T was a Gramnegative, chemoheterotrophic, strictly aerobic, catalasepositive and oxidase-negative, non-motile, non-gliding, yellow-pigmented straight rod (Fig. S1 , available in IJSEM Online). Flexirubin-type pigments were absent; however, the absorption spectrum of cell extracts revealed two peaks at 451 nm (major peak) and 478 nm, which indicated the presence of carotenoid pigments.
The 16S rRNA gene of strain IMCC1507
T was amplified from a single colony and sequenced as described previously (Cho & Giovannoni, 2003) . The almost-complete 16S rRNA gene sequence (1488 bp) was preliminarily compared with sequences held in the EzTaxon database (Chun et al., 2007) . Strain IMCC1507
T showed a close relationship with members of the genus Lutibacter. The 16S rRNA gene sequence was aligned against closely related sequences held in the SILVA rRNA database (Pruesse et al., 2007) in the ARB software package (Ludwig et al., 2004) . Sequence similarities between strain IMCC1507
T and its phylogenetic neighbours were determined using ARB on the basis of multiple alignments that considered the secondary structure of rRNA. Only unambiguously aligned nucleotide positions generated using the Maximum Frequency mask implemented in ARB were employed for phylogenetic inference in PAUP* 4.0 beta. Phylogenetic trees were generated using neighbour joining (Saitou & Nei, 1987) , maximum parsimony (Fitch, 1971) and maximum likelihood (Felsenstein, 1981) T formed a robust cluster, which indicated that the isolate belonged to the genus Lutibacter. The cluster also contained a strain without a validly published name, 'Marinitalea sucinacia' JC2131 T with high bootstrap support, which suggests that strain JC2131
T could be assigned to the genus Lutibacter in a future study.
Because strain IMCC1507
T showed high 16S rRNA gene sequence similarity with L. litoralis KCCM 42118 T , genomic relatedness between the two strains was determined by DNA-DNA hybridization using the membranebased slot-blot hybridization. Pre-hybridization, hybridization, stringency washing and detection were performed using the DIG-High Prime DNA Labelling and Detection Starter Kit II (Roche Molecular Biochemicals), according to the manufacturer's instructions. DNA-DNA relatedness was calculated from triplicate samples with either strain IMCC1507 T or L. litoralis KCCM 42118 T as the probe and quantified using the Multi Gauge V3.1 software (Fuji Photo). DNA-DNA relatedness between the two strains was 3.5±2.2 % (strain IMCC1507
T as the probe) and 11.2±2.4 % (L. litoralis KCCM 42118 T as the probe), which was far below the gold standard of 70 % recommended for the demarcation of bacterial species (Wayne et al., 1987) . It was evident from the DNA-DNA relatedness results that strain IMCC1507
T represents a novel genomic species in the genus Lutibacter.
The DNA G+C content was determined by HPLC (Mesbah et al., 1989) . Cellular fatty acid methyl esters of strain IMCC1507
T and the reference strains were extracted from cultures at late exponential phase (~3 days) grown on MA. Fatty acids were analysed according to the method described by the Sherlock Microbial Identification System version 6.1 using TSBA6.1 database (MIDI). Isoprenoid quinones were extracted by TLC according to Minnikin et al. (1984) and analysed by HPLC (Collins, 1985) . Polar lipids were extracted from lyophilized bacterial biomass and examined using two-dimensional TLC followed by detection with the reagents molybdatophosphoric acid, ninhydrin, molybdenum blue, a-naphthol and Dragendorff's solution (Minnikin et al. 1984; Komagata & Suzuki, 1987) . The DNA G+C content of strain IMCC1507 T was 31.4 mol%, a value within the range for the genus Lutibacter (30.6-34.6 mol%). The respiratory quinone in strain IMCC1507
T was menaquinone-6 (MK-6), which is coincident with major quinone of the family Flavobacteriaceae.
The polar lipids in strain IMCC1507
T (Fig. S2 ) were phosphatidylethanolamine and five unidentified lipids, which were also in line with the genus Lutibacter (Lee et al., 2012) . The major cellular fatty acids (.10.0 %) in strain IMCC1507
T were iso-C 15 : 0 3-OH (17.7 %), iso-C 15 : 0 (13.7 %), iso-C 15 : 1 G (10.6 %) and anteiso-C 15 : 0 (10.2 %) ( Table 2 ). The fatty acid compositions of strain IMCC1507 T and the reference strains were generally similar, but the proportions of some fatty acids, including C 15 : 0 , iso-C 14 : 0 , iso-C 15 : 0 , anteiso-C 15 : 0 and iso-C 17 : 0 3-OH, were different between the strains. The chemotaxonomic characteristics of strain IMCC1507
T were in good agreement with the genus Lutibacter and supported the monophyletic relationship within the genus Lutibacter in the phylogenetic analysis.
The formation of a robust cluster with the members of the genus Lutibacter in the 16S rRNA gene phylogenetic analysis (Fig. 1) , the similarity of DNA G+C contents, polar lipids, quinones and fatty acids, the very low DNA-DNA relatedness with L. litoralis KCCM 42118
T and the . Data were taken from this study unless indicated otherwise. All strains are positive for catalase activity, carotenoid pigments*, production of H 2 S, hydrolyis of Tween 20, aesculin and gelatin, b-galactosidase and esterase (C4). All strains are negative for Gram-staining, gliding motility, oxidase, flexirubin-type pigments, hydrolysis of elastin, CM-cellulose and chitin, nitrate reduction, indole production, lipase (C14), a-mannosidase and afucosidase.
Characteristic 1 2 3 4
Facultatively anaerobic* --+ + Growth at 37 u C* + -+ + Hydrolysis of:
Glycogen, adonitol, L-leucine
cis-aconitic acid, D-galactonic acid lactone, b-hydroxybutyric acid, DL-lactic acid
31.4 33.9 34.6 30.6 *Data for columns 2, 3 and 4 were taken from Choi & Cho (2006) , Park et al. (2010) and Lee et al. (2012) , respectively. DResult conflicts with that of Lee et al. (2012) .
A. Choi, S.-J. Yang and J. T represents a novel genomic species in the genus Lutibacter. Strain IMCC1507
T was also differentiated from the three recognized members of the genus by its phenotypic characteristics, including hydrolysis of macromolecules, enzyme activities and carbon source oxidation (Table 1) . Therefore, strain IMCC is assigned to a novel species in the genus Lutibacter, for which the name Lutibacter flavus sp. nov. is proposed.
Description of Lutibacter flavus sp. nov.
Lutibacter flavus (fla9vus. L. masc. adj. flavus yellow, the colour of colonies and pigments of the bacterium).
Cells are Gram-negative, chemoheterotophic, oxidase-negative, catalase-positive, non-motile, non-gliding, flexirubin-negative and yellow-pigmented. Obligately aerobic. Cells are rods (1.2-4.060.6-1.1 mm). After 3 days of incubation on MA at 30 u C, colonies are circular, convex, shining with entire margins and~2.0 mm in diameter. Growth occurs at 15-37 u C (optimum 30 u C), pH 7.0-9.0 (optimum pH 8.0) and 0.5-5.0 % NaCl (optimum 2.0 % NaCl). H 2 S is produced. Starch, DNA and Tween 80 are hydrolysed, but casein, CM-cellulose and chitin are not hydrolysed. Absorption spectral peaks of pigments are observed at 451 nm (major peak) and 478 nm. With API 20 NE, positive for aesculin hydrolysis, gelatin liquefaction and PNPG (b-galactosidase), but negative for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase and urease. With API ZYM, positive for esterase (C4), esterase lipase (C8), acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase and b-glucosidase, but negative for alkaline phosphatase, lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, b-galactosidase, b-glucuronidase, a-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. With GN2 MicroPlates, oxidizes a-cyclodextrin, glycogen, Tween 40, Tween 80, N-acetyl-Dglucosamine, adonitol, i-erythritol, melibiose, b-methyl Dglucoside, sucrose, trehalose, xylitol, cis-aconitic acid, Dgalactonic acid lactone, b-hydroxybutyric acid, p-hydroxyphenylacetic acid, DL-lactic acid, L-alanine, L-alanyl glycine, glycyl L-glutamic acid, L-leucine, L-phenylalanine, L-pyroglutamic acid, urocanic acid and putrescine. Susceptible to chloramphenicol, erythromycin, penicillin G, rifampicin, streptomycin and vancomycin, but resistant to ampicillin, gentamicin, kanamycin and tetracycline. The major cellular fatty acids are iso-C 15 : 0 3-OH, iso-C 15 : 0 , iso-C 15 : 1 G and anteiso-C 15 : 0 . The major isoprenoid quinone is MK-6. The polar lipids are phosphatidylethanolamine and five unidentified lipids.
The type strain is IMCC1507 T (KACC 14312 T 5NBRC 107589 T ), isolated from a tidal flat sediment of the Yellow Sea, Korea. The DNA G+C content of the type strain is 31.4 mol%. 
